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Abstract-The mechanism of the capping effect ob- 
served in magneto-optic (MO) recording in mag- 
netic doublelayer disks and magnetic super reso- 
lution (MSR) MO recording has been studied by 
means of an analytic calculation. Quantitative es- 
timation of the field enhancement is presented as 
well as a comparison with experimental results. 
Implications of the present result are discussed. 
I INTRODUCTION 
Many ingenious and useful implementations have been de- 
veloped for MO recording in recent years. In one of them, 
an in-plane magnetized PtCo film has been coupled mag- 
netically with the recording film of TbFeCo. A remarkable 
improvement in field sensitivity has been achieved with 
this structure, namely only one-tenth strength of recording 
field is enough for complete writing and erasing compared 
with the conventional MO disk with single magnetic film. 
This effect is obviously very important in the practical 
point of view, such as field modulation recording combined 
with MSR[1]. The purpose of present paper is to clarify 
the mechanism of the capping effect in MO recording and 
to  give quantitative estimations of field enhancement by 
the capping layer[2]. 
I1 FORMALISM 
We study the double-layer system of PtCo/TbFeCo. The 
easy-axis of the capping film (film-1) is horizontal whereas 
vertical in the recording film (film-2). We take z-axis per- 
pendicular to the films and its origin at the interface as 
shown in Fig.1. The angle from the negative direction of 
z-axis is used to describe the magnetization configuration 
and it is considered to be uniform in x and y directions. 
In order to compare the present theoretical study with 
experimental observations, we investigate the system un- 
der recording field Hext = 500e and temperature T = 
160°C. This very field is the minimum one to perform 
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Figure 1: Double-layer system studied in the present work. 
complete recording[l], and it is suggested by our previ- 
ous computer simulation that magnetization reversals in 
the recording layer take place at the above temperature 
in recording processes[3]. The magnetic constants at this 
temperature are shown in Table 1. 
Table 1: Magnetic Constants and Film Dimensions 
Quantity film-1 film-2 
A[erg/cm] 1 . 3 ~ 1 0 - ~  9.2x10-’ 
K[erg/cm31 3 . 3 ~  lo4 9 . 2 ~  lo5 
Thickness[A] 200 350 
Ms[emu/cm3] 32.4 10.0 
The total energy per unit area is then estimated by[2] 
with magnetic constants for the relevant films. The direc- 
tion cp of the magnetization is assumed to be continuous 
at the interface. The recording field Hext is applied in the 
positive direction of saxis. Since the normalized thickness 
of film-2, b d m  > 10, is large, i t  is taken as infinity 
as a reasonable approximation, which will be justified by 
numerical results. Then for small external field, the di- 
rection of magnetizations at z = --oo is cp = 0, namely 
against the external field. 
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The differential equations governing the magnetization 
configurations are derived by the variational method as 
K1(cos2 ~p - cos2 va) + Ms1 Hext(cos ~p - COS ya) 
= Al(dcp/dz)2, 
K2 sin2 cp + Ms2He,t(cos cp - 1) 
= A2(dcp/d~)~, z < 0, 
0 < z 5 a, 
(2) 
(3) 
dV/dzlz=a = dV/dz(z=-m = 0, 
I 
where the boundary conditions 
( cplz=-oo = 0, 
have been taken into account and cpa denotes the direction 
of magnetization at the top surface of film-1. Equation (2) 
should be solved under the conditions at the interface of 
the two films: 
The conditions for the derivatives in (3) and (4) are de- 
rived from the variational method. 
In the absence of film-1, the direction of magnetization 
at the top surface of film-2 should be subject to 
K2 sin2 cp - 2MS2Hext sin2(cp/2) = 0, (5) 
from the second equation in (2) since in this case one 
should have dcp/dzl,=-o = 0. With film-1 capped on, 
we obtain instead the following equation: 
K2 sin2 cp - 2Ms2Hext sin2(cp/2) = E,,, (6) 
where E,, = A2(dcp/d~)~ becomes positive. It is read from 
(6) that the magnetic coupling between the two films en- 
hances the external field. This is the origin of the capping 
effect. 
In order to give quantitative estimation, we define the 
field enhancement by regarding the exchange energy as a 
Zeeman term. Since this effective field is localized at the 
interface, it should be defined with cpo E (pl,=+o = ( P ) ~ = - O  
=PI 
as seen in the second equation in (2). 
Therefore, beside the recording field Hext there is an 
additional field ITcap, induced by the in-plane magnetized 
film, on the magnetizations in the recording film. This 
field is determined by the external field as well as the 
magnetic constants A and K in both of the films and the 
thickness of the capping film. 
With some algebra, we have derived from (2) and (4) 
the following analytic expression for HCap[2] 
sin2 cpo E2 K2 
HCLP = - coscpo [ l -  2COS2(cpo/2) 1 x K9 (8) 
Figure 2: Configuration of magnetizations under the ex- 
ternal field of Hext = 500e and temperature of T = 160'c. 
Positive/negative coordinates denote the region of cap- 
ping/recording layer. 
where cpo is determined by 
. ,  
with Jacobian elliptic functions and 
(10) 
The external field Hext enters into these equations through 
the parameters E1,z = Ms1,2Hext/K1,2. 
I11 RESULTS AND DISCUSSIONS 
A stable configuration of magnetizations is displayed in 
Fig.2. The angle drops exponentially inside the recording 
film. This justifies our approximation b = 00. 
For the external field Hext = 500e we have obtained 
from (8) Hcap N 500 Oe with the conditions listed in Ta- 
ble 1. This value coincides well with the minimum field 
Hext 1: 6000e for complete recording in a conventional 
disk with single magnetic film. Since the field enhance- 
ment assumes its maximum at the interface and drops very 
quickly inside the recording film as seen in Fig.3, nucle- 
ation of the reversal magnetization takes place at the inter- 
face with the highest probability. As the magnetizations 
at the interface (z = 0) are reversed, the locus, where the 
maximum field enhancement is assumed, shifts inside the 
recording film. It in turn results in magnetization reversal 
at a deeper part of the recording film. Putting it in other 
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Figure 3: Profile of field enhancement evaluated from (8) 
by replacing cpo with general cp(z) under the same condi- 
tions for Fig. 2. 
4 1  
words, nucleation occurred at the interface is followed by 
a movement of magnetic wall. Therefore, the coincidence 
between our theoretical estimate of field enhancement and 
the experimental observations provides a numerical evi- 
dence for the nucleation and subsequent wall-movement 
mechanism of magnetization reversal in MO recording. 
It is revealed that the solution of equations (9) and (10) 
bifurcates from cpo = 0 to two branches: cpo = 0 and 
cpo # 0 at some value of the thickness of the capping film 
when it is increased. We have found theoretically that this 
bifurcation point corresponds to the minimum thickness of 
the capping layer so as to show capping effect[2]. At a null 
external field it r e d s  as 
I I 
A similar result was obtained numerically by Wakabayashi 
et al. in a discrete model[4]. 
We notice that a study of the dependence of capping ef- 
fect on magnetic properties of relevant films and on thick- 
ness of capping layer sheds some light to the mechanism of 
the coercivity in amorphous alloy. A full discussion about 
this aspect is reported elsewhere[2]. 
Let us turn to capping effects in MSR MO recording[l]. 
There exists a capping effect in recording process, as dis- 
cussed above. On the other hand, there is a switching 
film between the recording and the red-out films. The 
anisotropy of this switching film is perpendicular as well 
as that of the red-out  film, the magnitude is, however, 
much smaller. It is not difficult to see that the presence 
of such a switching layer enhances the magnetization re- 
versal of red-out  film outside the relevant reading region, 
which is essential in MSR recording. Since the direction of 
easy-axis of the switching film is perpendicular, equations 
(9) and (10) should be modified as 
(12) 
with 
ii = adzJ(1-  coscp,)(l- cm cp, + EI), 
E1 -  COS^, k2 = 
sin2(cpa/2)(1 - cos cp, + El) ’  
tan(cpoi2) = tan(cp,/2) x dn[& k]. 
(13) 
I t  should be noted that, in principle, there is an unex- 
pected effect from the capping layer in read-out process, 
which tends to wipe out the records in storage film and 
decreases the re-produce reliability of the MO disk. How- 
ever, since the temperatures ‘in these two processes are 
different, such combination of materials can be chosen for 
these films so that this unexpected capping effect is re- 
duced to a very low level while the desirable capping effect 
in recording process is quite large[l]. 
IV SUMMARY 
The capping effect observed in MO recording on magnetic 
doublelayer disks and MSR MO recording has been stud- 
ied in terms of the field enhancement Heap. Under exter- 
nal field of 500e, Heap is about 5000e and the effective 
field N 5500e experienced by the magnetizations near the 
interface coincides with the minimal field 6000e for com- 
plete recording in the disk with single magnetic film. This 
coincidence may be an evidence of the nucleation and sub- 
sequent wall-mo.uement mechanism of magnetization re- 
versal in MO recording. An analytic expression for the 
minimal thickness of the capping layer so as to  show the 
capping effect is also presented. 
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